Impacts on the social cohesion of mainland Spain’s future motorway and high-speed rail networks by Naranjo Gómez, José Manuel
sustainability
Article
Impacts on the Social Cohesion of Mainland Spain’s
Future Motorway and High-Speed Rail Networks
José Manuel Naranjo Gómez
Polytechnic School, University of Extremadura, 10003 Caceres, Spain; jnaranjo@unex.es;
Tel.: +34-927-257-000; Fax: +34-927-257-002
Academic Editors: Jamal Jokar Arsanjani and Eric Vaz
Received: 12 May 2016; Accepted: 28 June 2016; Published: 2 July 2016
Abstract: A great expansion of the road and rail network is contemplated in the Infrastructure,
Transport and Housing Plan (PITVI in Spanish), in order to achieve greater social cohesion in 2024
in Spain. For this reason, the aim of this study is to classify and to identify those municipalities
that are going to improve or worsen their social cohesion. To achieve this goal, the municipalities
were classified according to the degree of socioeconomic development, and their accessibility levels
were determined before and after the construction of these infrastructures. Firstly, the socioeconomic
classification demonstrates that there is predominance in the northern half of the peninsula in the
most developed municipalities. Secondly, the accessibility levels show that the same center-peripheral
models are going to be kept in the future. Finally, poorly-defined territorial patterns are obtained
with respect to the positive or negative effects of new infrastructures on social cohesion. Therefore,
it is possible to state that the construction plan is going to partially fulfill its aim, since a quarter of
the population is going to be affected by a negative impact on socioeconomic development. As a
consequence, people who live here are going to have major problems in achieving social cohesion.
Keywords: accessibility; social cohesion; socioeconomic development; distance decay; geographic
information science; network analysis; spatial analysis
1. Introduction
International agencies, national and local governments have begun a process of the definition
and deepening of the concept of sustainable development. Nonetheless, this term began to be
developed in 1987 by the World Commission on Environment and Development (WCED), and it
is understood as a certain compromise among environmental, economic and social goals of the
community, allowing for the wellbeing of present and future generations [1]. Moreover, this concept
is broken into economic, environmental and social categories. In this regard, economic and social
categories determine socioeconomic wellbeing; if all residents in a given territory are socially cohesive,
socioeconomic wellbeing follows [2].
Social cohesion can be understood as the ability of a social, economic and political system to
achieve three complementary objectives: promoting citizens’ empowerment and social participation,
creating social and institutional networks that generate social capital and promote social inclusion and
contributing to the implementation of social rights in their broadest sense [3]. Thus, social cohesion can
be understood as forming the basis for people to access the necessary resources produced by society
and in turn determines the degree of integration among individuals within a group and the values
associated with the connections between them [4].
1.1. Background
Adopted transport policies pay particular attention to social cohesion through different models
of use and development [5]. While the economic profitability and environmental impact of transport
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infrastructure were traditionally taken into account, social cohesion has now become an integral
part of the deployment of new infrastructures or the improvement of existing ones, especially of
motorways and high-speed railways. In addition, one of the strategic aims of the PITVI contemplates
the infrastructures as indispensable support to achieve better social cohesion in Spain [6]. This plan
advocates the building of new motorways and high-speed rail (HSR) lines for passengers, in order to
achieve it.
1.2. Objectives
In this regard, this study focuses on the temporal dimension of transport, as well as the spatial
aspect. The overall objective of this study is to assess how accessibility improvement in the deployment
of new motorways and high-speed railway corridors affects social cohesion in Spanish peninsular
municipalities. From this aim, specific objectives have been identified: (1) determining the degree
of socioeconomic development; (2) measuring the potential accessibility of each municipality before
and after the construction of new transport infrastructures; (3) assessing the degree of accessibility
improvement in each municipality.
However, it is unclear how and why greater accessibility generated by new transport
infrastructures in a given area affects its economic development [7]. This lack of clarity might exist
because these impacts depend on other prevailing conditions, taking advantage of new development
opportunities provided by the improved accessibility of new transport infrastructures [8].
Nonetheless, transport networks are crucial to the economic structure of the modern world [9]
and are an important tool for social cohesion because they act as catalysts in unifying spaces [10] and
providing structure to the territory, while reflecting the existing imbalance between urban systems and
socioeconomic activities [7]. Therefore, transport systems should be responsive to the concerns and
objectives of a policy that is efficient in terms of social demand [11], but mainly with the reduction
of economic disparities or differences in economic and social welfare among regions [12,13] to avoid
territorial imbalances [14].
Consequently, another fundamental concept in understanding the impact of transport
infrastructure on social cohesion is accessibility [15]. This concept was born in 1950 [16], is very
useful in different fields (e.g., transport planning, urban and regional planning) and has acquired a
variety of meanings over the years. Therefore, there is no single approved definition, and it may be
argued that accessibility is an elusive concept, one of those common terms that everyone uses until the
problem of its definition and measurement arises [17]. However, all definitions of accessibility seek
to give a measure of the separation of human activities or settlements that are connected through a
transport system [18]. There are also four basic elements in the different definitions of accessibility and
its measures: (1) the territorial distribution of different locations by measuring the distance between or
proximity of two or more points [19] or how the displacement probability between two points decreases
as their distance increases [20]; (2) the transport system, allowing the bridging of the gap between
two points with a given cost, defining the ease with which activities can be reached from a given
location with a specific transport system [21,22]; (3) the usefulness of different locations according to
their characteristics, i.e., the possibilities that each potential destination offers of meeting the needs of
citizens, businesses and public services [23]; and (4) the potential possibility that the inhabitants of
a given territory can participate in specific activities in other places. The latter social and economic
considerations can be added to quantify the net benefits of a specific place depending on the town’s
location, the use of the transport network by the host population and the benefits the town enjoys from
the infrastructure’s social and economic impact [24,25].
Accessibility measures become indicators whose mathematical formulation is variable:
classification by different authors is extensive [25–28]. Among the different classifications of
accessibility measures, that carried out by Curtis et al. [28] stands out. The researchers classified
these indicators into six basic groups of measures: (1) spatial separation; (2) contour; (3) gravity;
(4) competition; (5) time-space; (6) utility; (7) network.
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Among all of the indicators mentioned above, those based on contour measures enable the
assessment of the degree of social cohesion caused by the deployment and improvement of the
transport system. In transport infrastructure planning, the analysis of social cohesion through these
indicators is a recurrent theme in the research [29–31], because it explains the inter-relationships
in human activities [32,33]. In this regard, greater accessibility caused by the deployment of new
motorways and high-speed rail lines can reduce economic and social welfare disparities among
municipalities [15,34,35]. Contrastingly, it can also reinforce the polarization of a few places that
have good access to motorways and railway stations [36]. In fact, motorways and high-speed rail
corridors do in fact provide important comparative advantages over other places that do not have them.
Therefore, while not sufficient for economic growth and wealth creation alone, these infrastructures
can boost substantial aspects of social and economic structures [31,37].
With respect to the studies that addressed the incidence of transport in social cohesion, the
following stand out: first, the study that answered questions about the inequality in income distribution
and social mobility [38]; second, research that analyzed the relation between investments and transport
sector policies [39]; third, those studies that analyzed the impact of accessibility in municipalities
caused by new infrastructure [40,41]; fourth, others that estimated the cost of mobility based on road
pricing policy [35]; and lastly, others that evaluated the changes on social cohesion arising from new
transport infrastructures and their relation to potential socioeconomic implications [42,43].
1.3. Organization of This Paper
This work is divided into six sections. After the Introduction, the methodology is outlined,
starting with the structural characterization of municipalities, classifying them according to their
potential accessibility and ending with an estimation of social cohesion. In the third section, the results
are presented and the methodological proposals are analyzed, comparing the current road and rail
situation with the future one resulting from the deployment of new land transport infrastructures
planned in the PITVI. The paper ends with some general discussion, identification of limitations to
the study and next steps, and it concludes with some comments, followed by a bibliography that can
facilitate future research.
2. Materials and Methods
In this section, the study area and the methodological phases will be described.
2.1. Study Area
The PITVI action area, regarding new motorways and HSR lines in mainland Spain, constitutes
the study area (Figure 1a, Figure 1b).
As for the scale of work, municipal level work was chosen because local connections prevail over
the transport network [44]. Therefore, although the scale analysis could be regional when considering
available HSR stops or services, the use of the local scale is deemed more appropriate because it takes
into account specific stations and their locations in this mode of transportation and the particular
connection between motorways and secondary roads.
There are two fundamental aspects of the methodological phases shown (Figure 2): firstly,
obtaining the socioeconomic classification of the municipalities and, secondly, determining the potential
accessibility variation for the municipalities, before and after the construction of the new transport
infrastructures planned in the PITVI. Municipalities were once classified according to socioeconomic
degree and potential accessibility. These two aspects are compared in order to estimate potential social
cohesion in each municipality.
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2.2. Designing and Creating Base Maps
In the initial task related to the design and generation of base cartography, the modelling of the
transport system is noteworthy, as it makes use of vector-based mapping. In this regard, all types
of roads and railways are represented by means of lines. This linear mapping evokes a multimodal
transport network, the railway stations being the only connection points between either infrastructure
(road and rail), whether high-speed or conventional rail. The line segments that are limited by two
intersections with other line segments are considered sections, and the points where three or more line
segments converge are considered nodes. Likewise, (non-geographic) alphanumeric information is
associated with each network section by means of a unique identifier, its maximum allowable speed
according to the type of track and the section length. Then, these two latest data are used to calculate
the impedance. This is defined as the resistance of a rail or road section being crossed by a user of the
system. The ArcGIS Network Analyst Tools estimate the shortest path route according to the transport
network. The second type of cartography represents the only intermodal points, the railway stations,
whether HSR or conventional rail. These are symbolized by means of geo-referenced points. The third
type of mapping represents the main urban center of each municipality, also by means of geo-reference
points. Finally, the fourth type of mapping shows the boundary of the municipalities by means of
polygonal graphic entities.
2.3. Socioeconomic Classification of the Spanish Peninsular Municipalities
The following classification of municipalities is proposed [45]. R, which is a programming
language and software environment for statistical computing support, was used. Data belonging to
the municipality and the districts within it were added to the polygonal graphic entities mentioned
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(Table 1). The variables were selected after consulting a wide range of literature on the determination of
socioeconomic conditions characterizing the dynamics of various municipalities under study [46–49].
Table 1. Variables used for the socioeconomic characterization of the Spanish peninsular municipalities.
Variable Identifier Source
Resident population V1 2015 Municipal Census of Inhabitants by theNational Institute of Statistics (INE) [50]
Market share per capita V2 La Caixa 2012 Economic Yearbook [51]
Motor vehicles registered per capita V3 La Caixa 2012 Economic Yearbook [51]
Industrial average per capita V4 La Caixa 2012 Economic Yearbook [51]
Unemployment rate V5 2015 Labour Force Survey by State PublicEmployment Service (SEPE) [52]
Dependence index V6 2015 Municipal Census of Inhabitants by INE [50]
Percentage of second homes V7 2011 Census of Population and Housing, INE [53]
Population employed in the primary sector V8 2011 Census of Population and Housing, INE [53]
Population employed in the secondary sector V9 2011 Census of Population and Housing by INE [53]
Population employed in the tertiary sector V10 2011 Census of Population and Housing by INE [53]
Population used in the construction industry V11 2011 Census of Population and Housing by INE [53]
This information is public and officially available online. Nonetheless, to avoid outliers, to reduce
the dimensionality and so that the obtained classification would be easily interpreted and understood,
the following procedures were carried out.
The 11 variables were normalized to obtain similar weight in the socioeconomic classification of
municipalities. Then, the relationship or dependence between the variables was analyzed by using
Spearman’s rank correlation coefficient (Table 2). It was found with this coefficient that there was
a strong correlation between the numbers of variables: (1) population and market share per capita;
(2) industrial average per capita and second homes; (3) market share per capita and industrial average
per capita; and (4) population employed in the primary sector and population employed in the
secondary sector.
Table 2. Spearman’s rank correlation coefficient.
V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11
V1 1.000 ´0.949 0.263 ´0.830 0.548 ´0.172 ´0.622 ´0.271 0.031 0.238 ´0.184
V2 ´0.942 1.000 ´0.238 0.845 ´0.530 0.165 0.598 0.231 ´0.014 ´0.206 0.158
V3 0.253 ´0.239 1.000 ´0.212 0.123 ´0.083 ´0.223 ´0.140 0.078 0.096 ´0.063
V4 ´0.832 0.841 ´0.208 1.000 ´0.532 0.135 0.449 0.119 0.171 ´0.218 0.076
V5 0.541 ´0.531 0.119 ´0.538 1.000 ´0.076 ´0.309 ´0.218 ´0.032 0.211 0.022
V6 ´0.169 0.161 ´0.081 0.136 ´0.071 1.000 0.168 0.109 ´0.029 ´0.101 0.094
V7 ´0.621 0.593 ´0.218 0.452 ´0.304 0.174 1.000 0.196 ´0.176 ´0.100 0.252
V8 ´0.271 0.231 ´0.141 0.119 ´0.216 0.109 0.191 1.000 ´0.329 ´0.680 0.085
V9 0.031 ´0.009 0.074 0.162 ´0.030 ´0.033 ´0.177 ´0.331 1.000 ´0.261 ´0.212
V10 0.239 ´0.204 0.092 ´0.219 0.211 ´0.100 ´0.100 ´0.681 ´0.260 1.000 ´0.208
V11 ´0.189 0.160 ´0.064 0.078 0.021 0.094 0.251 0.084 ´0.217 ´0.208 1.000
Next, a principal component analysis (PCA) was performed in order to avoid extraneous data,
keeping the most relevant information. In this sense, the data are projected onto a lower dimension
while retaining most of the data required for the reconstruction of data with an acceptable level. It was
found that by using seven components, it was possible to collect 85% of the original variance. This
statistical synthesis technique is used to reduce the size, that is the number of variables, losing the least
amount of data possible. Thus, the new major derived components are a linear combination of the
original variables and are also independent of each other.
After the reduction to seven components, an independent component analysis (ICA) was
conducted. In this regard, ICA is a statistical generative model. It is basically a proper probabilistic
formulation of the ideas underpinning sparse coding [54]. To estimate the ICA basis from data, we
need to collect samples (patches) from the data to model. The collected patches are used to build a data
matrix X, which is the input to the FastICA [55] algorithm. In this algorithm, input data are centered
first by subtracting the mean of each column of the data matrix X. The data matrix is then whitened
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(PCA) by projecting the data onto its principal component directions using a pre-whitening matrix (K).
The number of components (features) to extract is selected a priori. The ICA algorithm then estimates
an un-mixing matrix W, so that XKW = S, being S the estimated sources matrix. Using the previous
notation,
Ñ
R being the data associated with a previously centered datum, we can obtain the feature
vector (
Ñ
F ) that characterizes the region of interest as
Ñ
F “ KWÑR .
Once the PCA was completed, the correlation between the main components was verified to
test their independence. Furthermore, the correlation between the seven components and the eleven
original variables (Table 3) was simultaneously studied.
Table 3. Correlation between principal components and original variables.
Variables C1 C2 C3 C4 C5 C6 C7
V1 ´0.01515 0.10579 ´0.66377 0.10457 ´0.29879 ´0.05157 ´0.05995
V2 0.02998 ´0.09231 0.62659 ´0.10777 0.27256 0.05248 0.06958
V3 ´0.09170 ´0.05725 ´0.45596 0.00932 ´0.18774 ´0.01823 0.85422
V4 0.07103 ´0.04242 0.49061 ´0.28361 0.37554 0.04169 0.05965
V5 0.08315 0.01773 ´0.39532 0.08144 ´0.91245 ´0.00798 ´0.20659
V6 ´0.02282 ´0.06069 0.12115 ´0.03277 ´0.02002 0.96331 0.00132
V7 0.19316 ´0.02892 0.91647 0.01987 ´0.11125 ´0.00832 0.21258
V8 ´0.87191 ´0.26711 0.31259 0.00787 ´0.01487 0.02621 ´0.05897
V9 0.18687 0.09036 ´0.19356 ´0.96457 0.09239 ´0.02140 0.02989
V10 0.59262 0.48427 ´0.26478 0.61115 ´0.03102 ´0.00156 0.03987
V11 0.19969 ´0.89011 0.19447 0.165897 ´0.08235 0.02221 ´0.01898
All municipalities were then classified using seven independent components grouped through
the method of self-organizing maps (SOM), like an unsupervised classification. This methodology,
used in neural networks to reduce the dimensionality of the data, is highlighted for its ability to
represent the most significant vectors [56]. It also consists of two layers, an input and an output layer,
which are interconnected. Thus, each neuron/element in the input layer has a connection with one
neuron/element in the output layer. Each connection is in turn linked to a weight. Each output neuron
is linked to a weight vector whose components are the connection weights with the neurons of the
input layer. These weights are updated during the training process, which is the ultimate goal of
learning. The main advantage of SOM is that the data are easily interpreted and understood. The
reduction of dimensionality and grid clustering makes it easy to observe similarities in the data. In this
sense, SOM is capable of handling several types of classification problems while providing a useful,
interactive and intelligible summary of the data. According to [57], Kohonen stated that, I just wanted
an algorithm that would effectively map similar patterns onto contiguous locations in the output space.
Recently, the SOM has been applied in the spatial and social sciences, because of the benefits
of SOM, including: exploring the structures and uncovering hidden patterns of large and highly
dimensional datasets about socioeconomic characteristics, making no assumptions about the
underlying population distribution of the dataset, presenting the visualization of data and the complex
entities in an understandable way [58].
Nonetheless, the major disadvantage of SOM is that it requires necessary and sufficient data in
order to develop meaningful clusters. Lack of data or extraneous data will add randomness to the
groupings. The ability to determine a good dataset is a deciding factor in determining whether to use
an SOM or not [56,57]. Precisely in order to avoid extraneous data, previously-described statistical
phases were carried out. In addition, after applying these statistics, phases’ dimensionality remained
high, and also, a large quantity of data remains. Therefore, SOM was applied in the final phase.
SOM generated four classes, depending on the values representing the original variables in
them. They were reclassified according to social cohesion as follows: highly developed, developed,
undeveloped and highly undeveloped.
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Once the municipalities were classified, they were characterized statistically, by arithmetic mean
and standard deviation, in the 11 original variables (Table 4).
Table 4. Characterization of socioeconomic classes.
Class 1 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11
Mean 8376.49 0.05 0.5 0.06 5.36 59.71 32.93 7.37 16.15 64.96 10.55
Standard Deviation 65013.85 0.06 0.28 0.13 3.31 20.33 22.54 6.86 8.37 9.81 4.48
Class 2 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11
Mean 7235.42 0.04 0.4 0.05 5.94 63.81 29.82 8.54 18.48 60.49 11.23
Standard Deviation 59801.44 0.03 0.35 0.06 3.82 27.62 9.44 12.07 10.15 9.02 6.88
Class 3 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11
Mean 4396.63 0.01 0.75 0.03 9.02 67.87 19.11 15.07 20.12 54.4 12.42
Standard Deviation 6902.02 0.05 0.29 0.08 3.69 28.26 13.25 11.68 10.22 10.11 6.12
Class 4 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11
Mean 696.13 0.03 0.61 0.04 6.42 77.85 42.31 27.12 10.33 49.59 11.97
Standard Deviation 232.65 0.03 0.31 0.14 3.49 38.03 11.12 11.23 8.96 11.54 6.10
Firstly, the highest values of population (V1), market share per capita (V2), industrial index (V4)
and percentage of population employed in the tertiary sector (V10) correspond to Class 1. In addition,
this class has the lowest values of the rate of vehicles per capita (V3), unemployment rate (V5),
dependency ratio (V6), percentage of population employed in the primary sector (V8) and construction
(V11). Therefore, this class contains the municipalities with greater socioeconomic dynamism.
Secondly, Class 2 contains municipalities that have the second highest values of population (V1),
market share per capita (V2), industrial index (V4) and percentage of population employed in the
tertiary sector (V10). Additionally, they have the second lowest values of the rate of vehicles per capita
(V3), unemployment rate (V5), dependency ratio (V6) and percentage of population employed in
the primary sector (V8) and construction (V11). Consequently, these municipalities also have a great
socioeconomic dynamism, though this is lower than the previous ones.
Thirdly, Class 3 has the highest rate of vehicles per capita (V3), unemployment rate (V5) and
percentage of population employed in the secondary sector (V9) and the construction industry (V11).
Besides, these municipalities have the lowest rates of market share per capita (V2), industrial average
per capita (V4) and percentage of second homes (V7). This class represents municipalities that have
based their economies on the conjectural growth of sectors affected by the economic crisis in Spain
from 2007. For this reason, this class represents the municipalities that currently have structural
deficiencies in employment.
Lastly, Class 4 consists of municipalities with the highest average of dependency ratios (V6),
proportion of second homes (V7) and percentage of population employed in the primary sector (V8).
However, these municipalities have the lowest populations (V1) and the lowest proportions of people
employed in the secondary (V9) and tertiary sectors (V10). Undoubtedly, these municipalities have the
greatest demographic and geographic disadvantages in mainland Spain.
2.4. Calculation of Potential Accessibility
Once the classes were characterized, the potential accessibility is calculated.
2.4.1. Indicator of Potential Accessibility
The indicator of potential accessibility applies to each Spanish municipality and assesses
accessibility with the new network of motorways and HSR lines. It should be noted that towns
with greater populations were considered in compiling data, as the smaller populations were assigned
to the most important center in each municipality. Potential accessibility measures the degree of
connection between the main center of the municipality and all other peninsular municipalities. This
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accessibility measurement, following the requirements stated by [15], is adapted to measure social
cohesion depending on accessibility, as it takes into account the availability of the transport mode for
residents in the different regions and the spatial distribution of travel destinations. The mathematical
expression of the potential accessibility indicator (PPr) is adopted as follows:
PPr “
ÿ
n
j“1
Pj
tβij
(1)
where PPr refers to the accessibility of municipality i, Pj refers to the population of the main destination
center (to which those of the other towns of the municipality have been added if existing). On the
denominator side, t is the shortest time of travel between the origin and destination town, and β is
a distance parameter that represents the friction of movement. Likewise, the following formulation
calculates tij that is the minimum travel time between an original nucleus (i) and the destination
nucleus (j) [59]:
Iij “ tui ` tr ` th ` tuj (2)
where:
tui = urban time penalty from the origin (i) to the exit of the town.
tuj = urban time penalty up to coming to the final point of the trip (j).
tr = travel time on the road.
th = travel time by rail, either conventional or HSR.
th “ tusi ` tusj ` tc ` tm (3)
tusi = urban time penalty needed to get the railway station of the origin of travel by rail.
tusj = urban time penalty needed to get the final point of the travel (j), from the railway station
destination of travel by rail to the final point of the travel (j).
tc = transfer time or waiting time of a line of the high-speed railway to another and the waiting time at
the railway station
tm = time within the HSR in motion.
In this regard, the transfer time and waiting time at the HSR stations are calculated in the same
way, according to the service frequency of the rails. These times are estimated as inversely proportional
to the frequency of service, and in the case that the obtained value is greater than one hour, one hour is
considered the transfer time and the waiting time. The frequency of the HSR and middle distance rail
services are estimated by means of the formula [60]:
NS pi, jq “ α
¨˝ Pi Pj
D2r
IR2n
‚˛κ (4)
where:
Pi = population that lives in the city where the station is at the beginning of the journey by rail,
expressed in thousands of inhabitants.
Pj = population that lives in the city where the station is at the end of the journey by rail, expressed in
thousands of inhabitants.
Dr = geographical distance between the departure and destination station, expressed in kilometers.
IR2n = travel time using the HSR network, expressed in hours.
The number of high-speed rails is estimated through the calibration of the parameters named α
and κ. To this end, the present frequency of existing services is used. Thus, the values obtained for α
and κ are 3.007 and 0.3225; and 0.69 for the coefficient of correlation.
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On the other hand, the absolute accessibility index improves, considering the time of global shift,
the cost of crossing each urban environment. This intra-urban time can be decisive in the choice of
one means of transport over another. The estimate of the urban time has been calculated considering
this travel time as variable depending on the characteristics of the urban core. Obviously, good
accessibility plays an important role in the development and implementation of town services and
equipment so that those areas with greater accessibility and population also receive more services and
equipment [44].
2.4.2. Calculation of the Distance Decay
We chose time as a distance decay element to be investigated. A particular value of the parameter
β can be calculated based on the assumption that the half-time value of destination attractiveness
(i.e., its “mass”) should be acquired at a median travel time typical for a specific travel purpose [61].
According to [62], there is a number of distance decay functions specified in the literature [25,63].
Among the most commonly used are an inverse power function [42,64,65] and a negative exponential
function [66–68]. A normal or Gaussian function [19,25], a logistic function [69]or the Tanner,Box–Cox
and Richards functions [70] are much more rarely used. In practice, at the national and regional level,
both the power [42,63,65] and exponential functions [25,61,63,70,71] are in use. However, bearing in
mind the behavioral point of view, very strong power function-related decay at short travel distances is
far from being realistic, while a Gaussian function “decays too slowly at short distances and too rapidly
at longer distances” [25] (p. 146). Therefore, the best option is to use the exponential function [62].
Nonetheless, the distance decay parameter was initially calibrated for both the power and the
exponential functions. They were recorded as 2.567814 and 0.027362 for exponential decay functions.
Since the exponential function fitted the observed interactions better, i.e., it has less standardized
root mean square error, less mean travel cost error and higher r square, the distance decay parameter
in the form of the exponential function was used. Besides, this value is comparable to the values
of the parameters derived from the literature, 0.023105, 0.034657, 0.039, 0.04621, 0.049 and 0.034657
by [25,38,61,62,72], respectively.
2.4.3. Characterization of Areas According to Their Relative Levels of Accessibility
As municipalities were classified by means of four levels of socioeconomic development, they are
classified into four categories according to their relative levels of accessibility (Table 5). The indicator
of potential accessibility is then calculated.
Table 5. Characterization of the areas according to their relative levels of accessibility
Category Municipality Classified by Relative Level of Accessibility
Level 1 0%–25%
Level 2 25%–50%
Level 3 50%–75%
Level 4 75%–100%
In this way, the lesser level of relative accessibility is Level 1, and the greater one is Level 4. These
relative levels of accessibility (Table 5) were established by the categorization of this variable according
to Federal Ministry of Transport, Building and Housing [73].
In this sense, 0% corresponds to the minimum value of all of the values recorded. The value
of 100% corresponds to the maximum value of all of the values recorded. The value of 50% corresponds
to the arithmetic mean value calculated for all of the values recorded. The length of the interval between
the arithmetic mean value (50%) and the minimum value (0%) is divided into two equal parts. This
value and the minimum value add up to the value of 25%. In addition, the length of the interval
between the maximum value (10%) and the arithmetic mean value (50%) are divided into two equal
parts. This value and the arithmetic mean value add up to the value of 75% (Figure 3). In this regard,
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the range of values was divided into four intervals, whose length is unequal, since the data are not
ideally distributed.
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2.5. Estimating the Effect of the Potential Accessibility Variation in Social Cohesion
Onc the m nicipalities are classified according to their socioeconomic structures, the difference
betwee future accessibility and urrent accessibility pPPrs ´ PProq is calculated for each municipality.
Again, like the classification of municipalities according to their relative levels of accessibility and
according to Federal Ministry of Transport, Building and Housing [73], the municipalities are classified
into four classes, (0%–25%, 25%–50%, 50%–75% and 75%–100%). The maximum value of the potential
accessibility variation in all calculated municipalities is established as 100% and the minimum as 0%.
The value of 50% corresponds to the arithmetic mean value of all of the calculated values. Furthermore,
the value of 25% corresponds to the difference between the minimum value (0%) and the arithmetic
mean value (50%) divided by two, ad ing up to the minimum v lue. The value of 75% co responds
to the difference b tween the maximum value (100%) and th arithmetic me n value (50%) divided
by tw a ded to the arithm tic mean value (Figure 3). Again, the rang of values was divided into
four intervals whose length is unequal, since the data are not ideally distributed. These four classes
of socioeconomic development are related to the difference between the future accessibility and the
current accessibility of each municipality (Table 6). In this regard, if the increase in relative accessibility
is understood to be the development opportunities for residents in the territories: (1) those territories
that are less developed should receive the largest increases in accessibility, since a greater social
cohesion will be achieved; (2) the opposite should happen in more developed territories. For this
reason, it is considere that the potential impact of accessibility in social cohesion is going to be
posi ive, if undeveloped or highly undeveloped municipalities ec ive accessibility increases greater
than th value of the arithmetic mean pPPrs ´ PProq obtained in the total gr up of municipalities
analyzed. In the same way, it is considered that the impact is going to be negative, if highly developed
or developed municipalities obtain accessibility increases greater than the value of the arithmetic mean
pPPrs ´ PProq, since they are going to receive better opportunities for development themselves and they
may become socioeconomic poles. In addition, depending on the interval of the potential accessibility
increase (four classes) for each municipality, the impact could be high, medium or low (Table 6).
Table 6. Impact produced by the increase of potential accessibility in the municipalities.
100%–75% 75%–50% 50%–25% 25%–0%
Highly developed Negative high Negative medium Positive medium Positive high
Developed Negative medium Negative low Positive low Positive medium
Undeveloped Positive medium Positive low Negative low Negative medium
Highly undeveloped Positive high Positive medium Negative medium Negative high
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Nonetheless, there is the possibility of reducing the number of combinations in Table 6; in
this sense, if we reduce either the number of classes for the categorization of the socioeconomic
development of municipalities or for the categorization of the relative levels of accessibility. In this
case, this number of classes was maintained. Thus, a more detailed classification of the municipalities
is achieved according to the impact produced by the new infrastructures on social cohesion. This
classification is not intended to be either exclusive or excluding. However, it will potentially inform
decision-makers, policy-makers and social agents if regions are likely to improve or worsen their social
cohesion, even before the construction of new infrastructures.
3. Results
Thematic mapping, charts and summary tables display the results, making it possible to quickly
extract relevant information for periods before the expansion of new motorways and HSR lines.
3.1. Socioeconomic Characterization of the Peninsular Spanish Municipalities
The analysis starts from the study of peninsular Spanish municipalities’ classification according
to their structural lack of development (Figure 4).
The map (Figure 4a) brings to light the historical economic superiority of the north over the
peninsular south, as there is in the northern half a predominance of developed municipalities (highly
developed and developed), and in the southern half, there are more undeveloped municipalities
(undeveloped and highly undeveloped). In addition, the bar chart (Figure 4b) shows that the
predominant population that is highly developed (74.95%) is concentrated in approximately a quarter
of the municipalities (26.16%).
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3.2. Potential Accessibility
The potential accessibility indicator permits the calculation of potential movement from one
municipality to others municipalities, by the residents of that municipality (measured in minutes).This
indicator (Section 2.4.1. Indicator of Potential Accessibility) is applied to two different scenarios:
(1) the current scenario, without taking into account the new motorways and HSR lines; (2) the future
scenario, taking into account the new motorways and HSR lines that are going to be built.
The map (Figure 5a) and figure (Figure 5b) represent the relative levels of accessibility in the
current scenario. The map (Figure 5a) shows how the western peninsular part presents lower levels of
relative accessibility. In addition, the places that already have more transport infrastructure (standing
out among them, HSR lines) have the highest levels of relative accessibility. These correspond to the
metropolitan areas of Madrid, Barcelona, Valencia and Seville. In the case of Madrid, Barcelona and
Valencia, these are the center of three accessibility distribution models denominated center-peripheral.
Nevertheless, Seville cannot be considered as such, since the levels of accessibility around it descend
sharply in the north and west.
On the other hand, the bar graph (Figure 5b) shows that relative accessibility is approximately
intermediate in peninsular Spain. The majority of municipalities has intermediate levels of accessibility
(25%–75%); those that show extreme levels of accessibility (0%–25% and 75%–100%) are scant.
In addition, approximately a third part of the population (74.75%) has relative accessibility levels
above the arithmetic mean value (50%). Likewise, the places where the highest levels of population
are concentrated (26.54%) have the highest levels of accessibility.
The relative levels of accessibility of the municipalities were analyzed in the peninsular Spanish
territory. The future scenario considers all planned infrastructures in the PITVI, both motorways
and railways, already built. In this regard, if the map (Figure 6a) is compared to the map obtained
previously (Figure 5a), it will be observed that the levels of relative accessibility increase in western
areas. Furthermore, there is a noted increase in accessibility in metropolitan areas where there were
already high levels of accessibility in Madrid, Barcelona, Valencia and Seville. The center-peripheral
models increase in the first three cities, and this type of model is not generated for Seville. Likewise,
significant increases in accessibility appear in the areas of Valladolid, Zaragoza and Alicante. In the
future, these places are going to be connected with the rest of the territory by both motorways and
high-speed railway lines.
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On the other hand, if the bar chart (Figure 6b) is compared to the graph (Figure 5b), it is evident
that an intermediate accessibility model is going to be accentuated in the future according to the
number of municipalities. In this respect, the percentage of municipalities whose levels of relative
accessibility are intermediate (25%–75%) is going to increase. In addition, many municipalities are
going to increase their relative accessibility. Nevertheless, the number of municipalities with the
lowest levels of accessibility (0%–50%) is going to reduce (33.98%). On the contrary, the number
of municipalities with the highest levels of accessibility (50%–100%) is going to increase (66.02%).
Therefore, the population that is going to reside in these municipalities is also going to be greater.
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Figure 6. (a) Map of relative levels of future accessibility; (b) bar chart of the number of municipalities
and inhabitants in them, according to their relative level of future accessibility.
3.3. Estimating the Effect of the Potential Accessibility Variation in Social Cohesion
Once the municipalities have been characterized according to their socioeconomic degree
(highly developed, developed, undeveloped and highly undeveloped municipality), the increase
of accessibility is estimated in each of them as the difference between the future accessibility and the
current accessibility (PPrs-PPro). Subsequently, this increase is related to the degree of socioeconomic
development in order to estimate whether it is going to affect social cohesion (Table 7). From the point
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of view of social cohesion and taking into account the spatial distribution of the variables analyzed, a
positive effect is going to occur, if the value of the accessibility increase is superior to the arithmetic
mean value of the set of municipalities analyzed for those municipalities that are more undeveloped
socioeconomically (highly undeveloped and undeveloped). On the contrary, the effects are going to be
negative if the value of the accessibility increase is greater than the arithmetic mean value in the most
developed municipalities (highly developed and developed).
Table 7. Characterization of areas according to their relative levels of accessibility.
100%–75% 75%–50% 50%–25% 25%–0%
M 1 I 2 M I M I M I
Highly developed 0.10% 0.53% 0.39% 0.73% 9.81% 24.97% 15.86% 49.82%
Developed 0.00% 0.00% 0.70% 0.04% 10.78% 2.16% 14.40% 0.02%
Undeveloped 0.01% 0.00% 0.17% 0.07% 9.65% 6.35% 14.86% 12.02%
Highly undeveloped 0.01% 0.00% 0.32% 0.02% 9.80% 0.99% 13.14% 2.26%
1 Municipalities; 2 inhabitants.
The variation in accessibility produced in the municipalities after the implementation of new
transport infrastructures in most of them is lower than the arithmetic mean value (0%–50%).
In fact, the proportion of municipalities and inhabitants greater than the arithmetic mean value
is practically non-existent.
Regarding the effect of accessibility according to the socioeconomic level of each municipality,
it is possible to verify that the greatest value is going to be positive, and it is going to take place in
municipalities that are going to increase their relative accessibility by a fourth part of the increase
registered in the total set of all of the municipalities. Likewise, the least effect is going to be also
positive, but in highly undeveloped municipalities that are going to increase their accessibility up
to 100%. Nevertheless, in these, the number of inhabitants is practically non-existent.
The cartographic representation (Figure 7a) shows the results achieved territorially, showing
the enormous disparity in social cohesion that would occur with the implantation of new transport
infrastructures planned by the PITVI. Although there are many municipalities where the effect on
social cohesion is positive, there are many municipalities where this effect is negative. This can be seen
in the southwestern and northwestern regions, with many municipalities located in the provinces of
Huelva, Cadiz, Seville, Badajoz, Caceres, Cordoba, Pontevedra, Vigo, A Coruña and Lugo, where the
negative effect of medium or low is the most common. In this group of municipalities, this negative
effect does not occur in provincial capitals, where the effect is positive medium or high, since these
towns are socioeconomically the most developed, and they already display some economic dynamism.
This indicates that although the effect is positive for those municipalities that are already economically
dynamic to some extent, it is necessary that the municipalities where the effect is negative receive higher
levels of accessibility or that they benefit from some compensatory measures, since medium-sized
cities in the developing world can offer greater potential for more sustainable transformations than
megacities [74].
In addition, in the metropolitan area in Madrid and Toledo, the effect is going to be positive. In
contrast, the overall effect is going to be negative in Ciudad Real and Alcazar de San Juan to the south
of Madrid and mainly positive in Siguenza and Segovia to the north of Madrid. Therefore, it is more
likely that the area of influence whose center is in Madrid is going to extend more rapidly towards the
north than the south of Madrid.
Regarding the representation of percentages in the bar graph (Figure 7b), it should be emphasized
that the effect is going to be roughly positive in half of the number of municipalities (51.38%) and
negative for the other half (48.62%). Nevertheless, the effect is going to be positive for approximately
three-quarters of the population (77.07%) and negative for the remainder (22.93%). Therefore, the
greatest effect is going to occur in the municipalities with the largest populations. The opposite
Sustainability 2016, 8, 624 17 of 22
happens in the number the municipalities where the effect is going to be negative high (13.23%) and
low positive (10.96%), since these municipalities are sparsely populated (2.79% and 2.23%).
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chart of the number of municipalities and inhabitants in them, according to effect on social cohesion.
4. Discussion
Accessibility is one of the main objectives of nation l transport policies. The gre test degree of
socioeconomic development is traditionally associated with regions with greater accessibility, while the
lack of accessibility is related to peripheral regions ch racterized by significant problems in accessing
eco mic markets and their low socioeconomic dynamism. Therefore, taking into account that
changes in the transport system have an impact on accessibility transmitted through infrastruct re and
transport services, these changes can affect the spatial locations of different socioeconomic activities in
the long term.
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In this regard, the relative levels of accessibility obtained in the municipalities before and after the
construction of new transport infrastructures show that the accessibility model is going to accentuate
and not change. Therefore, if this model is to be changed, it will be necessary to act in a different
form and not subordinate to the transport infrastructures. This purpose is especially important, since
PITVI has as its priority aim the use of these infrastructures to achieve socioeconomic development
in the most disadvantaged regions. Action should be taken in these less developed and isolated
municipalities to revitalize policies in the national, regional and local framework. In addition, effective
intermodal points (rail-road), through the adaptation of the railway service to the population residing
in each municipality, should be achieved. Furthermore, it should act on less important transport
networks than motorways and high-speed railways, such as conventional roads and conventional
railways. Thus, adequate access to motorways and HSR stations would be achieved for residents in
the less socioeconomically developed and isolated municipalities.
5. Limitations of the Study and Next Steps
This work analyzed the new motorways and HSR lines that will be built in peninsular Spain,
since this is the target area of the PITVI. In this sense, analyses of the networks of different modes
of transport have remained in separate literature, in part because researchers tend to specialize in
one mode of transport, but also because of the limited availability of the disaggregated data on the
different transport modes. For this reason, it is estimated that the analysis carried out in this paper is
suitable when seeking to improve socioeconomic cohesion, because it simultaneously analyses the two
modes of transport in Spain with the most investment from the EU to achieve the objectives set by the
Social Cohesion Policy among its regions.
Nonetheless, it would be interesting to expand the space of analysis to an international level to
analyze the effects of planned infrastructures internationally. It would also be of interest to analyze
how the construction of new motorways and new HSR lines would influence socioeconomic cohesion
in Europe. Likewise, it would be interesting to examine other means of transport, such as air and
maritime transport. In addition, the use of historical data on the exposed methodology is proposed as
a fruitful area of study.
6. Conclusions
Socioeconomic classification of the municipalities according to their structural lack of development
(Figure 4a) shows that the layouts of high-speed rails and motorways are fundamentally linked to the
socioeconomic organization in the Spanish peninsular territory. In fact, while in 2012, the network
of motorways and high-speed rails connected the most socioeconomically-evolved areas with the
highest population density (Figure 1a,b), in 2024, these networks are going to connect regions whose
population density and development economics are high or medium. In addition, the grouping
in the northern half of the peninsula of the most socioeconomically-developed municipalities and
in the southern half peninsula the most undeveloped municipalities, demonstrates the historical
economic hegemony of the north over the south. Nonetheless, the implementation of new transport
infrastructures can end this hegemony if the municipalities in the southern half of the peninsula are
able to seize the opportunities of economic dynamism provided by these new infrastructures.
With regard to the relative levels of accessibility observed for the municipalities in 2012 (Figure 5b),
it is possible to state that there are municipalities that have huge deficiencies of accessibility, though
these are scarce in number. On the Spanish mainland, there are municipalities that are isolated from
the rest. As a result, they face challenges in socioeconomic development. Likewise, it is verified
that the same model of accessibility is going to remain, having mainly intermediate levels of relative
accessibility. In addition, the centers of the three existing center-peripheral models are going to remain
(Figure 6a). Nevertheless, all of them (Madrid, Barcelona and Valencia) are located in the northern half
of the peninsula.
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Another important aspect is the connection between the degree of socioeconomic development
and the relative level of accessibility in each municipality. This connection shows the effects
produced by the new transport infrastructures on social cohesion are going to be disparate. Although
approximately half of all municipalities are going to receive positive effects and the other half are
going to receive negative effects in achieving greater social cohesion, approximately three-quarters of
the population are going to receive positive effects, and the remaining part of the population is going
to receive negative effects. The PITVI is going to partially fulfill its main objective based on achieving
greater social cohesion. Social cohesion will improve in most municipalities. However, half of the
municipalities and a quarter of the number of inhabitants are going to receive fewer development
opportunities. Consequently, they are going to have more difficulties in socioeconomic progress.
To achieve greater social cohesion, this half of municipalities and the fourth part of the population
should receive action that helps them achieve greater development opportunities. This is especially
the case in the less developed municipalities, since there is a risk that they are going to be isolated
from the rest. Populations that live in these municipalities are probably not going to be capable of
progressing socioeconomically in any proper way.
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